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I .  I N T R O D U C T I O N  

The pu rpose  o f  t h e  p roposed  "Spent -Stage  Impact  
Experiment"  i s  t o  s u p p o r t  t h e  ALSEP P a s s i v e  S e i s m i c  Experiment  
by pi?oviding s e i s m i c  e v e n t s  on t h e  moon a t  known p o s i t i o n s  and 
t i m e s .  T h i s  would b e  accompl ished  by a l t e r i n g  t h e  t r a j e c t o r y  
o f  e a c h  s p e n t  S-IVB s t a g e  s o  t h a t  i t  impac t s  t h e  moon w i t h i n  a 
f e w  hundred k i l o m e t e r s  of a p r e v i o u s l y  emplaced se i smomete r .  

The p o t e n t i a l  s c i e n t i f i c  da t a  from t h e  expe r imen t  
w i l l  be t h e  f o u r  known c o o r d i n a t e s  of  t h e  e v e n t  ( 3  s p a t i a l ,  
1 t i m e )  and t h e  known ene rgy  o f  t h e  i m p a c t i n g  s t a g e  (%5.4 x lo1' J). 
T h i s  w i l l  a l l o w  immediate  d e t e r m i n a t i o n  o f  t r a v e l  t imes and s e i s m i c  
v e l o c i t i e s ,  p o s s i b l e  d e t e c t i o n  o f  a l u n a r  m a n t l e ,  and an es t imate  
of  t h e  c o e f f i c i e n t  of  a t t e n u a t i o n  o f  t h e  l u n a r  i n t e r i o r .  

11. RATIONALE 

The P a s s i v e  S e i s m i c  Experiment  (PSE) ,  a p a r t  o f  t h e  
Apo l lo  Lunar  S u r f a c e  Experiments  Package,  i s  e x p e c t e d  t o  p r o v i d e  
a m a j o r i t y  o f  t h e  data  n e c e s s a r y  t o  answer q u e s t i o n s  on t h e  
o r i g i n ,  p r e s e n t  p h y s i c a l  s t a t e ,  and dynamic b e h a v i o r  o f  t h e  
moon. U n f o r t u n a t e l y ,  t h e  q u a l i t y  o f  t h e  r e t u r n e d  da t a  depends 
t o  some e x t e n t  on t h e  f requency  and magnitude o f  l u n a r  s e i s m i c  
e v e n t s .  An u n u s u a l l y  h i g h  s e i s m i c  n o i s e  l e v e l  would hamper 
t h e  i d e n t i f i c a t i o n  o f  s e p a r a t e  e v e n t s  w h i l e  a d i r t h  o f  moonquakes 
c o u l d  r e s u l t  i n  an i n a d e q u a t e  number o f  e v e n t s  for unambiguous 
r e s u l t s  d u r i n g  t h e  l i f e t i m e  of t h e  i n s t r u m e n t .  While n o t h i n g  
can  be  done t o  r e d u c e  t h e  s e i s m i c  n o i s e  l e v e l  a t  a s i t e  w i t h o u t  
e q u a l l y  r e d u c i n g  t h e  d e s i r e d  s i g n a l s ,  i t  i s  u n l i k e l y  t h a t  t h i s  
w i l l  be  a problem.  An i n s u f f i c i e n c y  of d e t e c t a b l e  s e i s m i c  

e v e n t s ,  however,  i s  more p r o b a b l e  ' j 2  due e i t h e r  t o  n e g a t i v e  
v e l o c i t y  g r a d i e n t s ,  h i g h  a t t e n u a t i o n ,  o r  a l a c k  of  t e c t o n i c  
a c t i v i t y  i n  t h e  moon. Also t h e  f u l l  u t i l i t y  o f  t h e  PSE w i l l  
n o t  be r e a l i z e d  u n t i l  t h e  d a t a  i s  s u f f i c i e n t l y  r edundan t  t o  
a c c u r a t e l y  l o c a t e  t h e  s e i s m i c  e v e n t s  i n  t ime  and  s p a c e .  Normally 
t h i s  would r e q u i r e  f o u r  seismometer s t a t i o n s  o p e r a t i n g  s imul -  
t a n e o u s l y .  Using p r e s e n t  ALSEP r e l i a b i l i t y  numbers3 and assuming 
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l a u n c h e s  on 3 month c e n t e r s ,  t h e  p r o b a b i l i t y  of  r e c e i v i n g  da t a  
s i m u l t a n e o u s l y  from 4 ALSEP P S E ' s  f o r  a t  l e a s t  a t h r e e  month 
p e r i o d  i s  a b o u t  0.67. 

The p roposed  Spent -Stage  Impact  Experiment  would 
g u a r a n t e e  a number o f  s e i s m i c  e v e n t s  o f  known l o c a t i o n ,  t i m e  
and ( a p p r o x i m a t e )  magni tude .  T h i s  would a s s u r e  a u s e f u l  da t a  
r e t u r n  i n d e p e n d e n t  of  t h e  s e i s m i c i t y  of  t h e  moon and ,  more 
i m p o r t a n t ,  p r o v i d e  t h e  n e c e s s a r y  s o u r c e  c o o r d i n a t e s  s o  t h a t  
t h e  da ta  from one s t a t i o n  cou ld  be unambiguousl~y r educed  t o  
p r o v i d e  i n i t i a l  p o i n t s  on a l u n a r  s e i s m i c  v e l o c i t y - d e p t h  
p r o f i l e .  These data  s h o u l d  h e l p  answer  such  q u e s t i o n s  a s :  

1. "Has t h e  moon undergone chemica l  d i f f e r e n t i a t i o n ? "  

2 .  "Is t h e r e  a d i s t i n c t  c r u s t - m a n t l e  boundary?"  

3 .  "Is t h e  t e m p e r a t u r e  g r a d i e n t  h i g h  enough t o  
c a u s e  h i g h  s e i s m i c  a t t e n u a t i o n  o r  a n e g a t i v e  
ve 1 o c i t  y g r  a d i  en  t ? It 

4 .  "Are t h e  l u n a r  s e i s m i c  v e l o c i t i e s  comparable  t o  
t h o s e  w i t h i n  t h e  E a r t h ? "  
From p r e v i o u s  c a l c u l a t i o n s ,  4 t h e  a u t h o r  has de te rmined  

t h a t  t h e  e q u i v a l e n t  e a r t h q u a k e  magni tude  (based on s u r f a c e  
wave a m p l i t u d e s )  o f  an  S-IVB impact  i s  e x p e c t e d  t o  r a n g e  from 
0 . 5  t o  2 . 2  depending  on t h e  c o h e s i v e n e s s  o f ,  and t h u s  energy  
c o u p l i n g  t o ,  t h e  l u n a r  s u r f a c e  and on how w e l l  t h e  impact  can 
be  r e p r e s e n t e d  by r e l a t i o n s  d e r i v e d  f rom e x p l o s i o n s .  On e a r t h  
t h i s  would g i v e  a maximum d e t e c t a b l e  r a n g e  o f  1 2 0  t o  500  k m  
f o r  a se i smomete r  w i t h  1 nanometer s e n s i t i v i t y .  I n  a r e c e n t  
c a l c u l a t i o n 5  based  on e x t r a p o l a t i o n  o f  s e i s m i c  a m p l i t u d e s  
r e s u l t i n g  from small p r o j e c t i l e s  i m p a c t i n g  epoxy-bonded s a n d ,  
a minimum d e t e c t a b l e  r ange  of 1 5 0  t o  680 km i s  p r e d i c t e d  f o r  an  
S-IVB impact  depending  on t h e  assumed l u n a r  a t t e n u a t i o n .  Thus,  
two i n d e p e n d e n t  methods of  a s s e s s i n g  t h e  maximum r a n g e  g i v e  
answers  i n  s a t i s f a c t o r y  agreement .  

111. FEASIBILITY 

The q u e s t i o n s  p e r t i n e n t  t o  t h e  f e a s i b i l i t y  o f  t h e  
p roposed  exper iment  a re :  

a )  Can S-IVB l u n a r  impact  b e  a c h i e v e d  o p e r a t i o n a l l y ?  

b )  What m i s s i o n  c o n s t r a i n t s  or g u i d e l i n e s  need  t o  
b e  waived? 
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c )  What t r a c k i n g  and t i m i n g  a c c u r a c y  can  be 
a s s u r e d ,  and i s  t h i s  s u f f i c i e n t  f o r  t h e  
s c i e n t  i f i c  r e q u i r e m e n t s  ? 

A .  Imp lemen ta t ion  

The answer t o  t h e  f i rs t  q u e s t i o n  i s  y e s ,  The p r e s e n t  
mode of  S-IVB d i s p o s a l  ( implemented on t h e  Apol lo  8 m i s s i o n )  i s  
t o  p r o p u l s i v e l y  dump t h e  c r y o g e n i c s  ( L O X  and LH2) s o  t h a t  t h e  

r e s u l t a n t  AV i s  s u f f i c i e n t  t o  a l t e r  t h e  t r a j e c t o r y  from f r e e  
r e t u r n  t o  e a r t h - e s c a p e ,  The r e q u i r e d  AV depends on t h e  o r i e n t a -  
t i o n  o f  t h e  S-IVB and the  t ime  of t h e  dump b u t  i s  of t h e  o r d e r  
o f  30 m/sec.  P r e s e n t  f u e l  margins  a re  s u f f i c i e n t  t o  s u p p l y  A V  
c a p a b i l i t y  f o r  such  a t r a j e c t o r y ,  

A f u r t h e r  c o n s i d e r a t i o n  i s  t h e  p o s s i b i l i t y  of g e t t i n g  
t o o  l a r g e  a n  impu l se  f rom t h e  dump, The f u e l  r e s i d u a l s  w i l l  b e  
p o o r l y  known a t  t h e  time of t h e  dump, and c o n t r o l  of  t h e  dumping 
p r o c e s s  i s  c e r t a i n l y  l e s s  p r e c i s e  t h a n ,  s a y ,  c o n t r o l l i n g  a b u r n .  
The LOX and LH2 dump can  be  commanded on and o f f  and e i t h e r  a 
p r o p u l s i v e  o r  non p r o p u l s i v e  mode c a n  be  c h o s e n ,  I n  a d d i t i o n ,  
t h e  A u x i l i a r y  P r o p u l s i o n  System (APS) no rma l ly  used  for a t t i t u d e  
c o n t r o l  c a n  be burned  i n  a t r a n s l a t i o n a l  mode, The c r y o g e n i c s  
must b e  dumped, one way  o r  t h e  o t h e r ,  f a i r l y  soon a f t e r  t r a n s -  
p o s i t i o n  and dock ing  t o  p r e v e n t  p r e s s u r e  b u i l d u p  and t a n k  r u p t u r e .  
The maximum a l l o w a b l e  AV for an impact  t r a j e c t o r y  i s  a round  20  t o  
25 m/sec f o r  a nominal  c a s e ,  b u t  i s  a s e n s i t i v e  f u n c t i o n  of t h e  

o r i e n t a t i o n  of t h e  S-IVB. ( 6 )  
what c o n s t r a i n e d  b y  a n t e n n a  p o i n t i n g  r e q u i r e m e n t s  and g i m b a l  
t r a v e l  b u t  s h o u l d  a l l o w  a V ' s  as  h i g h  as 50 m/sec t o  b e  t o l e r a t e d ,  
T h i s  margin  a l o n g  w i t h  t h e  a v a i l a b l e  dumping commands s h o u l d  p ro -  
v i d e  s u f f i c i e n t  f l e x i b i l i t y  t o  i n s u r e  a n  S-IVB l u n a r  impact  o v e r  
a wide r a n g e  o f  i n i t i a l  c o n d i t i o n s .  

S-IVB o r i e n t a t i o n  i s  i n  t u r n  some- 

B .  Mis s ion  C o n s t r a i n t s  

The p r e s e n t  r e q u i r e m e n t s  f o r  S - I V B  d i s p o s a l  a r e  
s t a t e d  i n  t h e  Apol lo  F l i g h t  Miss ion  Assignments document' i n  
t e r m s  o f  t h r e e  o b j e c t i v e s ,  which are  ( i n  o r d e r  of  d e c r e a s i n g  
p r i o r i t y )  : 

1. Reduce t h e  p r o b a b i l i t y  of  S- IVB/spacecraf t  r e c o n t a c t .  

2 .  Reduce t h e  p r o b a b i l i t y  of e a r t h  i m p a c t .  

3 .  Reduce t h e  p r o b a b i l i t y  of l u n a r  i m p a c t ,  
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Of t h e s e  t h r e e ,  t h e  f i r s t  two a re  obv ious  s a f e t y  c o n s i d e r a t i o n s  
w h i l e  t h e  t h i r d  i s  aimed a t  r e d u c i n g  c o n t a m i n a t i o n  o f  t h e  
l u n a r  s u r f a c e  and a tmosphe re .  I n  o r d e r  t o  j u s t i f y  w a i v i n g  t h i s  
t h i r d  o b j e c t i v e ,  i t  must b e  shown t h a t  t h e  f i r s t  two o b j e c t i v e s  
w i l l  n o t  be  compromised and t h a t  t h e  l u n a r  c o n t a m i n a t i o n  due 
t o  S-IVB impact  i s  r e l a t i v e l y  i n s i g n i f i c a n t .  

The h i g h e s t  p r i o r i t y  o b j e c t i v e  i s  t o  a v o i d  S-IVB/ 
s p a c e c r a f t  r e c o n t a c t .  A d e f i n i t i v e  way t o  show t h a t  t h i s  
o b j e c t i v e  i s  s a t i s f i e d  d u r i n g  t h e  S-IVB c o u r s e  change would 
be t o  c a l c u l a t e  t h e  S- IVB/spacecraf t  r e l a t i v e  d i s t a n c e  f o r  
v a r i o u s  i n i t i a l  c o n d i t i o n s .  However, i t  can  be  a rgued  q u i t e  
g e n e r a l l y  t h a t  s i n c e  a n e g a t i v e  AV i s  r e q u i r e d  f o r  an impac t  
(or s l i n g s h o t )  t r a j e c t o r y ,  t h e  r e l a t i v e  s e p a r a t i o n  o f  t h e  S-IVB 
and CSM w i l l  a l w a y s  b e  a mono ton ica l ly  i n c r e a s i n g  f u n c t i o n  o f  
t i m e . *  T h i s  argument i s  developed  i n  d e t a i l  and s u b s t a n t i a t e d  
by c a l c u l a t i o n s  of t h e  r e l a t i v e  s e p a r a t i o n  as a f u n c t i o n  o f  
r a n g e  i n  Refe rence  6 .  

The second  p r i o r i t y  o b j e c t i v e  o f  t h e  S-IVB d i s p o s a l  
maneuver i s  t o  a v o i d  e a r t h  impac t .  F o r  t h i s  o b j e c t i v e  e a r t h  
impact  i s  c o n s i d e r e d  t o  be any e l l i p t i c a l  o r b i t  s i n c e  s o l a r  
and l u n a r  p e r t u r b a t i o n s  may cause  s u c h  an o r b i t  t o  decay and 
e v e n t u a l l y  impact  t h e  e a r t h .  The p r e s e n t  S-IVB maneuver t o  
a s l i n g s h o t  t r a j e c t o r y  was i n s t i t u t e d  t o  i n s u r e  t h a t  a h y p e r b o l i c  
( h e l i o c e n t r i c )  o r b i t  would be a c h i e v e d .  A l u n a r  impact  t r a j e c t o r y  
would a l s o ,  o f  c o u r s e ,  g u a r a n t e e  no e a r t h  i m p a c t .  The u n c e r t a i n t y  
i n  t h e  p o s s i b l e  AV would need to be  a l lowed  f o r  by o r i e n t i n g  
t h e  S - I V B  s o  t h a t  i n  t h e  wors t  c a s e  t h e  s p e n t  s t a g e  would n o t  
h i t  t h e  e l l i p t i c  o r b i t  c o r r i d o r  ( p e r i l u n e  < 6 l u n a r  r a d i i ,  eas t  
l i m b ,  > 1 r a d i u s ,  wes t  l i m b )  r a t h e r  t h a n  t h e  impact  c o r r i d o r .  

Contaminat ion  of t h e  l u n a r  a tmosphere  caused  by an  
i m p a c t i n g  S-IVB w i l l  come p r i m a r i l y  from t h e  v o l a t i l e s  ( r e s i d u a l  
f u e l s )  r e m a i n i n g  i n  t h e  v e h i c l e  a t  t i m e  o f  i m p a c t .  Although 
f u e l  r e s i d u a l s  may be  of t h e  o r d e r  of  400 l b s  a f t e r  v e n t i n g ,  
t h i s  r e p r e s e n t s  l ess  t h a n  1 0 %  of t h e  amount o f  LM a s c e n t  and 
d e s c e n t  e x h a u s t  g a s e s  t h a t  a c t u a l l y  impinge upon t h e  l u n a r  
s u r f a c e  and less t h a n  2 %  of  t h e  t o t a l  LM e x h a u s t s .  The l i f e t i m e  
o f  t h e  g a s e s  r e l e a s e d  on o r  n e a r  t h e  l u n a r  s u r f a c e  s h o u l d  be  a 
few d a y s ,  a f t e r  which t ime  t h e  p r e s s u r e  w i l l  have dropped t o  
i t s  e q u i l i b r i u m  l e v e l  (<lo-” t o r r ) .  Thus,  t h e  t o t a l  c o n t a m i n a t i o n  
cf t h e  l u n a r  atmGsphzre 13 n o t  s l g r i l f l e a n t l y  ii-icl-eased ’-- uy Tiiipactil-ig 
t h e  s p e n t  S-IVB. 

C .  T r a c k i n g  and  Timing 

The a b i l i t y  t o  a c t i v e l y  t r a c k  t h e  p r e s e n t  S-IVB 
c o n f i g u r a t i o n  w i t h  i t s  a t t a c h e d  i n s t r u m e n t  u n i t  ( I U )  i s  l i m i t e d  

*The component of t h e  AV a l o n g  t h e  v e l o c i t y  v e c t o r  i s  
n e g a t i v e .  The o u t  of p l a n e  component a l s o  i n c r e a s e s  t h e  
r e l a t i v e  s e p a r a t i o n .  
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by t h e  a c t i v e  l i f e t i m e  o f  t h e s e  s t a g e s  ( s p e c .  l i f e t i m e  7 h o u r s ) .  
I n  t h e  Apol lo  8 m i s s i o n  t h e  S-IVB began t u m b l i n g  ( g u i d a n c e  
sys t em f a i l u r e )  between 5 and 6 hour s  i n t o  t h e  f l i g h t ,  b u t  i t s  
t r a n s m i t t e r s  remained  f u n c t i o n i n g  f o r  a b o u t  1 2  h o u r s .  

I n  o r d e r  t o  maximize t h e  a c c u r a c y  of  t h e  impact  
p o i n t  d e t e r m i n a t i o n ,  t h e  S-IVB w i l l  need  t o  be t r a c k e d  d u r i n g  
t h e  e n t i r e  t r a n s l u n a r  t r a j e c t o r y ,  t h a t  i s ,  f o r  abou t  70 h o u r s  
a f t e r  l a u n c h .  I n  o r d e r  n o t  t o  r e q u i r e  t h e  l i f e  o f  t h e  e n t i r e  
I U  t o  be upgraded ,  t h i s  s h o u l d  p r o b a b l y  b e  implemented w i t h  a 
separa te  se l f -powered  S-Band t r a n s p o n d e r . *  E a r l y  loss o f  a t t i t u d e  
c o n t r o l  and mid-course c o r r e c t i o n  c a p a b i l i t y  s h o u l d  n o t  have 
s e r i o u s  impact  on t h e  exper iment  s i n c e  t h e  r e q u i r e d  accu racy  
i n  h i t t i n g  a p r e - s e l e c t e d  t a r g e t  i s  r e l a t i v e l y  low ( ~ 5 0  k m )  
and does n o t  d i r e c t l y  a f f e c t  t h e  a c c u r a c y  of  t h e  r e s u l t .  

However, how c l o s e l y  t h e  a c t u a l  impact  p o i n t  can  be 
de te rmined  w i l l  b e  d i r e c t l y  r e f l e c t e d  i n  t h e  a c c u r a c y  of  t h e  
s e i s m i c  v e l o c i t i e s  d e r i v e d  f r o m  t h e  r e s u l t a n t  da t a .  F o r  
d i s t a n c e s  f rom impact  p o i n t  t o  s e i smomete r  of  a round  1 0 0  km, 
an impac t  p o i n t  accu racy  of 1 k m  would be optimum and 5 k m  
would be  a c c e p t a b l e .  

It i s  d o u b t f u l  w h e t h e r  p r e s e n t  t r a c k i n g  t e c h n i q u e s  
c o u l d  p r o v i d e  t h e  impact  p o i n t  t o  w i t h i n  1 km. Cont inuous  
t r a c k i n g  of Ranger V I 1  gave an  impact  p o i n t  2 . 5  km d i s p l a c e d  
from t h a t  de t e rmined  from t h e  t r a n s m i t t e d  p h o t o s .  However, 
5 k m  accu racy  s h o u l d  be p o s s i b l e ,  and t h i s  number may b e  s i g n i -  
f i c a n t l y  r educed  by u s i n g  a n  improved ephemer is  t o  a n a l y z e  

8 t h e  t r a c k i n g  d a t a .  

Timing of t h e  impact  s h o u l d  b e  a t  l e a s t  as a c c u r a t e  
as t h e  optimum t a r g e t i n g  a c c u r a c y ,  which f o r  E a r t h - t y p i c a l  
s e i s m i c  v e l o c i t i e s  would i m p l y  impact  t i m e  t o  w i t h i n  20.1 s e c .  
Although 50.5 s e c  would be  a c c e p t a b l e ,  i t  s h o u l d  n o t  b e  d i f f i c u l t  
t o  a c h i e v e  k O . 1  s e c  accu racy  for t r a n s m i t t e r  t e r m i n a t i o n  a t  
i m p a c t .  Ranger V I 1  impact  t i m i n g  was a c c u r a t e  t o  kO.02 s e e  
( l i m i t e d  by c a l i b r a t i o n  t o  GMT) and p r e c i s e  t o  0 .001 / sec .  

S i n c e  t h e  impact  p o i n t  does n o t  need t o  b e  known i n  
r e a l  t i m e ,  i t  may be p o s s i b l e  t o  p r o v i d e  v i s u a l  backup o f  t h e  
MSFN t r a c k i n g .  I f  t h e  impact  c o u l d  b e  t a r g e t e d  w i t h  r e a s o n a b l e  
c e r t a i n t y  i n t o  an a r e a  t o  b e  over f lown by t h e  command module 
and cove red  by O r b i t e r  h i g h  r e s o l u t i o n  (1 m )  pho tography ,  p o s t  
impac t  photography from t h e  command module o f  t h e  a n t i c i p a t e d  
impact  area c o u l d  r e v e a l  t h e  new c r a t e r .  S i n c e  t h e  e x p e c t e d  
c r a t e r  diameter would b e  ~ 3 3  m ,  t h e  2 5 0  mm Hasselblad l e n s  
would p r o b a b l y  be n e c e s s a r y  t o  i n s u r e  s u f f i c i e n t  r e s o l u t i o n .  9 

* A l t e r n a t i v e l y ,  an a d d i t i o n a l  power supp ly  c o u l d  b e  p r o v i d e d  
f o r  t h e  e x i s t i n g  S-Band t r a n s p o n d e r .  A s t u d y  o f  t h e  t r a d e o f f s  
p e r t i n e n t  t o  t h i s  problem i s  needed .  



BELLCOMM, I N C .  

I V .  SUMMARY 

- 6 -  

The p roposed  S- IVB impact  expe r imen t  i s  f e a s i b l e  w i t h  
small  impact  on t h e  e x i s t i n g  hardware c o n f i g u r a t i o n .  An S-Band 
t r a n s p o n d e r  w i t h  a l i f e t i m e  of more t h a n  70 h r s .  i s  r e q u i r e d  
f o r  t h e  S-IVB/IU. T h i s  may a l s o  s a t i s f y  t h e  r e q u i r e m e n t  f o r  
t ime of impac t ,  o t h e r w i s e  a n  a d d i t i o n a l  small (<1 w a t t )  
t r a n s m i t t e r  w i l l  b e  needed .  T r a c k i n g  cove rage  must b e  p r o v i d e d  
up t o  t h e  t i m e  o f  i m p a c t .  It may a l s o  be  p o s s i b l e  t o  p r o v i d e  
p h o t o g r a p h i c  backup from t h e  CSM f o r  impact  p o i n t  d e t e r m i n a t i o n .  
The Apol lo  F l i g h t  Miss ion  Assignment document must be  r e v i s e d  
i n  o r d e r  t o  a l l o w  l u n a r  impact  of  t h e  S-IVB. T h i s  w i l l  n o t  
compromise t h e  s p a c e c r a f t  r e c o n t a c t  or e a r t h  impact  o b j e c t i v e s  
n o r  s i g n i f i c a n t l y  i n c r e a s e  l u n a r  c o n t a m i n a t i o n .  The implementa-  
t i o n  o f  t h i s  expe r imen t  i s  r e q u i r e d  on ly  f o r  t h e  G 2  ( s e c o n d  
l u n a r  l a n d i n g )  and s u b s e q u e n t .  However, i t  would b e  h i g h l y  
d e s i r a b l e  t o  a t t e m p t  i t ,  a t  l e a s t  i n  p a r t ,  on t h e  F or G 1  
m i s s i o n s  i n  o r d e r  t o  v e r i f y  t r a c k i n g  c a p a b i l i t y  and t h e  g e n e r a l  
f e a s i b i l i t y  o f  t h e  e x p e r i m e n t .  

Summary o f  Sp e c i f i c a t  i on s 

a c c e p t  able 
accuracy  

P r e - S e l e c t e d  
T a r g e t  P o i n t  1 0 0  km 

D e t e r m i n a t i o n  of  
Impact  P o i n t  5 km 

T i m e  of 
Impact  

optimum 
a c c u r a c y  

50 km 

1 k m  

2 0 . 5  s e c  20.1 s e c  

2015-MTY-kse M. T .  Yates 



BELLCOMM. I N C .  

REFERENCES 

1. 

2 .  

3. 

4. 

5.  

6 .  

7 .  

8 .  

9 .  

Las te r ,  S .  J .  and F. P r e s s ,  "A N e w  Est imate  o f  Lunar  
S e i s m i c i t y  Due t o  M e t e o r i t e  Impac t " ,  Phys .  E a r t h  P l a n e t .  
I n t e r i o r s ,  1, 151-154, 1968.  

Anderson, D .  and R .  Kovach, "The I n t e r n a l  S t r u c t u r e  o f  t h e  
Moon and t h e  T e r r e s t r i a l  P l a n e t s " ,  P r o c e e d i n g s  o f  t h e  C a l t e c h -  
J P L  Lunar  and P l a n e t a r y  Conference ,  September  13-18, 1 9 6 5 .  

" R e l i a b i l i t y  Mathemat i ca l  Model, P r e d i c t i o n  and Assessment" ,  
Bendix Aerospace Systems D i v i s i o n  ATM 274  (Rev. G ) ,  
September  30,  1 9 6 7 .  

Yates, M .  T . ,  "The Use o f  S p e n t  S t a g e s  as S e i s m i c  Sources  
f o r  Lunar S e i s m o l o g i c a l  Exper iments" ,  Bellcomm T e c h n i c a l  
Memorandum TM-67-1012-11, September  2 1 ,  1 9 6 7 .  

McGarr, A . ,  G .  Latham and D .  G a u l t ,  "Meteoroid Impacts  
as Sources  o f  S e i s m i c i t y  on t h e  Moon", i n  p r e p a r a t i o n .  

G ies l e r ,  L .  P . ,  "Di sposa l  o f  t h e  Spen t  S-IVB S t a g e  on 
Lunar Miss ions"  Bellcomm Memorandum ~ 6 8 - 1 2 0 3 8 ,  
December 11, 1 9 2 8 .  

"Apollo F l i g h t  Miss ion  Assignments" ,  OMSF Document 
SE 010-000-1,  Feb rua ry ,  1 9 6 9 .  

N i e d f e l d t ,  B .  G . ,  p e r s o n a l  communicat ion.  

H i n n e r s ,  N .  W . ,  working p a p e r s  a d d r e s s e d  to W .  E .  S t o n e y ,  
NASA/MA, November 18, 1 9 6 8 .  



I 

4 .. 
BELLCOMM. INC. 
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON. 0. C. 20024 

8ss 03050 

ABSTRACT 

The p u r p o s e  of t h e  p roposed  "Spent-Stage Impact  
Experiment ' '  i s  t o  s u p p o r t  t h e  ALSEP P a s s i v e  S e i s m i c  Exper iment  
by p r o v i d i n g  s e i s m i c  e v e n t s  on t h e  moon a t  known p o s i t i o n s  and 
t imes .  
of  e a c h  s p e n t  S-IVB s t a g e  s o  t h a t  i t  impac t s  t h e  moon w i t h i n  a 
few hundred k i l o m e t e r s  o f  a p r e v i o u s l y  emplaced se i smomete r .  

T h i s  would be  accompl ished  by a l t e r i n g  t h e  t r a j e c t o r y  

The p o t e n t i a l  s c i e n t i f i c  da t a  from t h e  expe r imen t  
w i l l  be  t h e  f o u r  known c o o r d i n a t e s  of  t h e  e v e n t  ( 3  s p a t i a l ,  
1 t i m e )  and t h e  known ene rgy  of t h e  i m p a c t i n g  s t age .  T h i s  w i l l  
a l l o w  immediate d e t e r m i n a t i o n  of  t r a v e l  t i m e s  and s e i s m i c  
v e l o c i t i e s ,  p o s s i b l e  d e t e c t i o n  o f  a l u n a r  m a n t l e ,  and an 
es t imate  of t h e  c o e f f i c i e n t  of a t t e n u a t i o n  of  t h e  l u n a r  i n t e r i  .r 

Implemen ta t ion  of  t h e  expe r imen t  r e q u i r e s  a long 
l i v e d  S-Band t r a n s p o n d e r  for t h e  S - I V B / I U  f o r  a c c u r a t e  impact  
d e t e r m i n a t i o n .  P r e s e n t  knowledge o f  t h e  l u n a r  ephemer i s  w i l l  
a l l o w  a c c e p t a b l e  ( though  n o t  optimum) t r a c k i n g  a c c u r a c y .  
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